To examine the clinical utility of noncontrast-enhanced computed tomography (NCCT) in pediatric patients with urolithiasis who progressed to surgery. Although NCCT is routine for the evaluation of adult patients with suspected urolithiasis, its routine use in the pediatric population is tempered by concern about radiation exposure.
OBJECTIVE
To examine the clinical utility of noncontrast-enhanced computed tomography (NCCT) in pediatric patients with urolithiasis who progressed to surgery. Although NCCT is routine for the evaluation of adult patients with suspected urolithiasis, its routine use in the pediatric population is tempered by concern about radiation exposure.
METHODS
We conducted a retrospective chart review of all pediatric patients who had undergone surgery for urinary stones from 2003 to 2008 at our institution. The imaging modalities used, surgery type, stone composition, 24-hour urinalyses, and relevant predisposing conditions were characterized.
RESULTS
A total of 42 pediatric patients (24 males and 18 females) were treated during the 6-year period. The average age was 11.3 Ϯ 5.3 years (range 2.7-25.4), and the most common treatment modalities were shock wave lithotripsy (28%) and ureteroscopy (22%). A discernible risk factor or cause of urolithiasis was absent in 21 patients (47%). A review of imaging studies found 38 with stones visible on ultrasonography and/or abdominal plain film. A total of 21 patients underwent NCCT, in addition to ultrasonography and/or abdominal plain film. Of these, only 5 patients required NCCT for the diagnosis or management of their stone.
CONCLUSION
Nearly 90% of pediatric patients treated for symptomatic urolithiasis could have completed their evaluation and treatment without undergoing NCCT. For children who present with signs and symptoms suggesting urinary calculi, an initial evaluation and imaging with ultrasonography and abdominal plain film might suffice, avoiding the radiation of NCCT. UROLOGY 78: 662-667,
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A lthough nephrolithiasis among children in the United States remains less common than in adults, its incidence appears to be increasing. 1 The 2007 Urologic Diseases in America survey found that the rate of hospital admissions for urolithiasis in adults was 62/100 000 compared with 4.7/100 000 in children. 2 It has now increased such that stone disease in children has become recognized as a significant medical problem, even by the lay press. 3 In addition to heritable metabolic conditions, such as cystinuria and primary oxaluria, important risk factors for pediatric nephrolithiasis include obesity, 4 male gender, 5 and, increasingly diet, in particular, the high salt load in the typical child's diet. Additionally, some children form stones as a side effect of medical therapy or surgical procedures. For example, the ketogenic diets used to help control epileptic seizures and bladder enterocystoplasty have been associated with an increased risk of stones in children. 6, 7 Pediatric nephrolithiasis is often a recurrent, chronic condition that will likely necessitate multiple imaging studies during the course of a lifetime for affected patients.
Noncontrast-enhanced computed tomography (NCCT) is currently the standard imaging modality in the evaluation of adults with suspected urolithiasis owing to its high sensitivity and specificity for renal and ureteral calculi. 8 It has largely supplanted other methods, such as intravenous urography (IVU), renal ultrasonography (US), and plain abdominal radiography of the kidneys, ureters, and bladder (KUB). However, given the greater radiation dose (approximately 10 mSV per scan), understandable concern exists about adopting this practice universally in the pediatric population. The concern is not simply that of total exposure. The younger the age of initial exposure to the radiation associated with a body CT scan, the greater the lifetime risk of radiation-induced cancer. 9 The published adult data have compared NCCT with the other imaging modalities in patients with suspected nephrolithiasis. Compared with NCCT, US is less sensitive and specific. [10] [11] [12] However, the stones missed on US are most often of a size (Ͻ5 mm) that does not require procedural intervention and should pass spontaneously. 10 Additionally, patients with signs and symptoms of urolithiasis presenting to the emergency room are much less likely to require urologic intervention if the renal US scan is negative (0.6%) compared with those for whom the US findings suggest urolithiasis (6.8%). 13 A simple KUB is also less sensitive and specific compared with NCCT but is more accurate in determining the actual size of the urinary tract calculi. 14 The published data in the pediatric population is less extensive and clear than for the adults. Previous studies have demonstrated that a large proportion of pediatric renal and ureteral calculi can be identified without using NCCT. For example, 1 series of 29 pediatric patients showed that 78% of calculi seen on NCCT were also detected on US. 15 The overlapping concerns about limiting radiation exposure and maintaining effective stone detection led us to question whether NCCT should have the same prominence in imaging pediatric patients with stones as it does in adults. Our study reports on the clinical utility of NCCT in pediatric patients with stones who progress to surgical intervention to determine how often NCCT is useful in this patient population.
MATERIAL AND METHODS
We conducted a chart review of all pediatric patients with urinary tract calculi who progressed to procedural treatment from 2003 to 2008 at our institution. We defined a pediatric patient as any patient aged Յ18 years or any patient seen by a pediatric urologist because of an underlying condition being treated by that provider. The types and number of imaging studies required were assessed for each patient. When a NCCT scan was required, the specific indication for the study was ascertained. We excluded patients whose diagnostic workup did not include at least a single KUB (including those conducted as a specific study, as well as those obtained as component of IVU or voiding cystourethrogram) or US scan.
The other clinical characteristics evaluated included procedure type and total number of procedures performed, stone composition, 24-hour urinalysis findings, and relevant predisposing conditions or comorbidities. The University of Michigan institutional review board approved the present study.
RESULTS
We identified 45 pediatric patients who underwent procedures for urolithiasis during the 6-year study period. The intervention was most commonly indicated because of pain or ureteral obstruction. Of the 45 patients, 3 were excluded because they had not undergone Ն1 KUB or US scan. Of these 3 patients, 2 had undergone NCCT as their initial and only mode of diagnostic imaging, and 1, with a neurogenic bladder, had a stone identified on routine cystoscopy.
The demographic characteristics of the 42 patients included in the analysis are listed in Table 1 . Of the 42 patients, 24 were 24 male and 18 were female. The procedures were performed for 24 renal, 13 ureteral, and 5 bladder calculi. The average age at surgery was 11.3 Ϯ 5.3 years (range 2.7-25.4). Of the 75 procedures performed (average procedure number per patient 1.8 Ϯ 0.9), the most common were extracorporeal shock wave lithotripsy (29%) and ureteroscopy (23%). A neurogenic bladder was present in 9 patients (21%), and 21 patients (48%) had no identifiable predisposing condition. Stone analysis data were available for 28 patients, of whom 21 had calcium oxalate as the primary stone component. Only 1 pure cystine and 1 pure uric acid stone were found. In 16 patients, radiopaque stones were not recoverable for analysis. The 24-hour urinalysis data were available for 22 patients. Of these, only 1 was completely normal; all other patients had a low urine volume, often in association with other abnormalities.
In all, 36 US scans, 26 KUBs, and 21 NCCT scans were performed for the evaluation of urolithiasis, with most patients undergoing evaluation with Ն2 imaging modalities. These studies revealed that 38 (90%) of the 
COMMENT
The management of urolithiasis has evolved and advanced with new diagnostic and therapeutic technologies. The earliest diagnostic approaches consisted of uroscopy and urethral sounding. Physicians since Hippocrates have recognized the necessity of "cutting for stone" as a treatment modality. 16 Cystoscopy, litholopaxy, and cystolithotomy became practicalities in the late 19th century. Within 1 century, extracorporeal shock wave lithotripsy, electrohydraulic and laser lithotripsy, ureteroscopy, and percutaneous nephrolithotomy have expanded the armamentarium. It is now possible to reach stones in children as young as 3 years old with the latest small scopes. 17 Although these technologies have improved therapy, our data suggest that older, simpler, and less-advanced imaging techniques might be as effective, with far less radiation risk. Clear indications for NCCT include nonvisualization of a stone on US and/or KUB and the necessity for treatment planning. In our patient population, we found that 90% of the patients had a stone visible on KUB and/or US. More-over, 76% of the NCCT studies did not significantly add to the diagnosis or treatment planning for these children with symptomatic urolithiasis who progressed to surgery. Additionally, just over one half of our pediatric patients with urolithiasis underwent a 24-hour urine test to evaluate for metabolic abnormalities; this low rate of metabolic evaluation is a clear target for improvement in our population of symptomatic children with stone disease. Although a slim majority (53%) of our patients had some underlying risk factor for their stone formation, a low urine volume was a nearly universal finding for those patients with 24-hour urine collection data. Thus, although increased daily fluid intake would be expected to help decrease future stone formation risk, our patients are likely to be at risk of multiple stones during their lifetime. Judicious use of imaging remains a paramount concern, in particular, for in our selected population whose stones were symptomatic and/or large enough to require procedural intervention.
Smith et al, 18 in 1995, was the first to describe NCCT as superior to IVU in the diagnosis of ureteral calculi. Since then, NCCT has become the de facto reference standard to evaluate flank and abdominal pain in adults. Previous studies in the adult published data comparing NCCT with other modalities have found that, in general, NCCT is more sensitive and specific for the detection of renal and ureteral calculi compared with US with or without KUB. [10] [11] [12] [19] [20] [21] Ripolles et al 19 showed that NCCT was more sensitive and specific than the combination of KUB and US. However, importantly, they noted that all stones not detected on US passed spontaneously without requiring surgical intervention. 19 Catalano et al 20 presented similar findings from a cohort of patients who had undergone an initial evaluation with KUB and US, with the addition of NCCT only in equivocal cases.
Despite the increased sensitivity and specificity of NCCT compared with KUB and US in adults, it is not so clear that NCCT should be the first imaging study when a child presents with flank pain or other signs and symptoms suggestive of urolithiasis. NCCT is unquestionably effective for the diagnosis of urolithiasis in children; however, there has been an historical lack of attention to radiation dosing protocols in this patient population. 22, 23 The vast majority of stones that require intervention in children can be detected by less-expensive, less radiationintense tools than NCCT. Oner et al 15 examined pediatric patients with equivocal KUB findings and showed that NCCT is more sensitive, in particular for small stones. However, US was able to detect 78% of calculi without exposing children to the radiation of CT. 15 Another investigation by Passerotti et al 24 demonstrated a 76% sensitivity and 100% specificity for US compared with NCCT in detecting urolithiasis in children. In the cases in which a discrepancy occurred, the US scan yielded enough information to dictate additional study, such as NCCT. 24 Although the combination of KUB and US is a reasonable first step in the child with suspected urolithiasis, in some children the diagnosis can remain equivocal or detailed cross-sectional imaging could be necessary for treatment planning. Physicians, especially those who work in emergency rooms or who are not familiar with the patient and who are evaluating pediatric patients with urolithiasis, should appreciate that conventional NCCT delivers a radiation dose approximately 10 times that of a KUB. The average person in the United States receives an effective does of about 3 mSV annually owing to naturally encountered sources of background radiation, such as cosmic rays and household radon. A CT scan of the abdomen and pelvis is about 10 mSV or approximately 3 years of exposure. For perspective, an IVU is about 3 mSV, a chest radiograph is 0.1 mSV, and a voiding cystourethrogram is 0.8-1.6 mSV. Variations will occur, depending on institutional protocols, but these relative proportions should help frame any discussion of risk. 25 More recent low-dose protocols have reduced the exposure; however, the radiation dose is still approximately twice that of KUB under the most ideal circumstances. 26 Many centers do not routinely reduce the dosages for children undergoing NCCT despite published protocols and strategies to limit exposure. 23, 27, 28 These low-dose protocols moreover do not appear to lower the efficacy in making the diagnosis of pediatric urolithiasis compared with the more traditional NCCT protocols. 29 At present, the combination of KUB and US delivers the lowest radiation dose while still detecting the vast majority of stones requiring surgical intervention. US is quite dependent on the quality of the equipment, hydration status of the patient, and skill of the operator; with these factors optimized, it can be a very effective study for identifying urinary tract stones (Fig. 1 ).
Our study had several limitations. First, we were limited by the relatively small sample size and retrospective nature of the study. For example, we are unaware of any patients who might have initially undergone imaging for stones at our facility but who later underwent surgical intervention at another institution. Also, ideally, all pa-tients would have undergone NCCT and a KUB or US scan, as well as a 24-hour urine collection and stone analysis. However, by selecting patients who ultimately progressed to surgical intervention, we hoped to identify the most symptomatic patients with recurrent stone formation and, theoretically, selected for the patients most likely to require additional imaging in the future. Additionally, although we had some level of internal control within our study with multiple patients undergoing NCCT, combined with US and/or KUB, this was a nonrandomized investigation that sought to evaluate the existing practices.
From the results of the present analysis, we suggest any pediatric patient presenting with signs and symptoms of urolithiasis should be first evaluated with US, then KUB, and then only with NCCT, if the index of suspicion for stone disease remains high and the US and KUB findings were equivocal or negative. We have several plans for additional study at our institution. First, we are developing a protocol to examine NCCT use in our emergency department before and after instituting recommendations determined by the findings of the present investigation. Additionally, we plan to continuously evaluate the protocols for NCCT for pediatric patients who do require cross-sectional imaging for urolithiasis to ensure we are striving toward the use of the lowest necessary radiation dose in those patients who still require NCCT.
CONCLUSIONS
NCCT is necessary only in a few children with urolithiasis before intervention. The initial imaging modalities in children with urolithiasis should be renal US and/or KUB. Although NCCT imaging protocols have improved during the past decade, the radiation dose is still significantly larger than for a KUB. NCCT should be reserved for select situations in which the diagnosis is unclear or additional imaging is required for treatment planning. 
EDITORIAL COMMENT
Ultrasonography (US) has emerged as the modality of choice for the diagnosis and follow-up of a wide gamut of diagnostic dilemmas in the pediatric age range. I applaud the authors for confirming the efficacy of US for the diagnosis of urinary tract stones in the pediatric population. Although noncontrast-enhanced computed tomography (NCCT) has been accepted as the reference standard for the evaluation of flank and abdominal pain in adults, this guideline should not be extrapolated to children, because their body habitus is generally ideal for evaluation with US.
To increase the sensitivity and accuracy of US, state-of-the-art US equipment and proper probe technology must be used to optimize the demonstration of urinary tract stones and their complications. To maximize the identification of stones, patients should be well hydrated so the collecting systems are maximally distended and the bladder can provide a sonic window for evaluation of the distal ureters and ureterovesical junctions. The US evaluation of the urinary tract in both the pre-and the postvoid states is useful in the presence of hydroureteronephrosis. It is acknowledged that it is extremely difficult to demonstrate stones in nondilated ureters with US. However, when the computed tomography findings of whether a stone is within a distal ureter, at the ureterovesical junction, in the bladder, or is a phlebolith are unclear, US is useful for differentiation.
Although at times, small brightly echoic foci identified on US can be inconclusive for the diagnosis of stones, the demonstration of "shadowing" of the US beam, as well as the US "twinkle" artifact, can help to confirm that such foci are stones. In addition, one can examine the entire urinary tract with US, including the urethra, which can be visualized in girls using a suprapubic or perineal approach or the perineum and in boys with a combination of a suprapubic approach and a highresolution linear probe directly on the penis. It can be helpful to have the child void during real-time US observation so the urethra is distended with fluid (hydrosonourethrography).
It is impressive that the authors report that 76% of the NCCT studies performed in their patients did not significantly add to the diagnosis or treatment planning for these children with symptomatic urolithiasis. Although plain abdominal radiography can add information when the US findings are nega-
